Background: Drug resistance is a major public health problem and a threat to progress made in bovine tuberculosis care and control worldwide. This study aimed at evaluating anti-mycobacterial and synergistic activity of some medicinal plants that were selected by cheminformatics studies against Mycobacterium bovis. Methods: Considering the strong synergistic antimycobacterial action of oleanolic acid in combination with tuberculosis drugs, NCBI database was explored to find the compounds with over 80% similarity to oleanolic acid, called S1. Plants containing S1-type compounds were traced to and resulted in five plants, including Datura stramonium, Boswellia serrata Lavandula stoechas, Rosmarinus officinalis, and Thymus vulgaris, as experimental samples. Crude extracts were prepared by percolation using 80% ethanol or as the product of a pharmaceutical company. The extracts were screened against Mycobacterium bovis using broth microdilution method and Alamar Blue Assay. Extracts from these plants were used in combination with isoniazid and ethambutol to investigate the possibility of synergy with respect to antimycobacterial activity. Results: The extracts from D. stramonium, B. serrata a, L. stoechas, R. officinalis, and T. Thymus vulgaris showed antimycobacterial activity of 375, 125, 250, 187.5, 500 µg/ml, respectively. The best synergistic results were for L. stoechas and D. stramonium in combination with ethambutol, the fractional inhibitory concentration index was 0.125 µg/ml for both. Conclusion: The observed antimycobacterial and synergistic activities are completely novel and obtained from targeted screening designed according to cheminformatics strategy. As for the synergistic action of the extracts, they could be used as supplements in bTB treatment.
INTRODUCTION
n recent years, the number of people infected with bovine tuberculosis (bTB) has increased [1] . Mycobacterium bovis is the agent of bTB in a wide range of animal species and humansand results in a loss of three billion dollars annually worldwide. bTB is a disease that can infect cattle and human [2] and is an old disease since the ancient times. Today, bTB is considered as an infectious disease in developing countries with a great cause of mortality among people [2] . Currently, one third of the world population is infected with various forms of TB [3] , and each year 2-3 million people of the world die from TB infection or its complications [4] . Based on an estimate, nearly one billion people are affected by the disease between 2000 and 2020 [5] . HIV increases the risk of developing active TB, and this makes the treatment of TB difficult for the patients [6] . Unexpected drug resistance is one of the I obstacles to the treatment of different kinds of TB. In some cases, the patients show resistance only to one of the antimycobacterial drugs. In some other cases, the contracted human or animal indicates resistance to two or more antimycobacterial drugs that can be the sign of existing multidrug-resistant species such as multidrugresistant bTB and extensively drug-resistant bTB [7] . Unfortunately, the available antimycobacterial drugs are clearly limited and sometimes inefficient. Therefore, global efforts are required to control bTB among all sectors of society. According to recent surveys, plant products, as antimycobacterial agents, are the source of diverse and useful extracts and compounds [8] . Natural products are important sources of new antibiotics, and that is because of their amazing chemical variety. Also, natural products have been used and validated in traditional medicine during many centuries [9] . Typically, the secondary metabolites of plants can be employed to fight for various environmentally originated infection [10] . Due to the large population of plants, targeted screening is important to save time and research cost. In addition to traditional medicine, cheminformatics can be used to find the possible extracts easier and faster. One of the methods to explore chemical space in natural products for the purpose of drug discovery is gathering the information about biologically active chemical compounds and correlated their structure and activities in relational datasets [11] . A new approach in the current paper is to apply cheminformatics rational in order to select and consider traditionally used plants as a synergistic complementation for the conventional antimycobacterial drugs. The following plants are considered in this paper. Datura stramonium is a medicinal plant that has been used as analgesic and has been shown to have numerous alkaloids [12] . Lavender belongs to the family Lamiaceae and is a herbaceous, an aromatic and an evergreen plant [13] . Aerial parts of Lavandula stoechas have stronger antimicrobial effect than other parts of the plant [14] . It has been found that the leaves of this plant contain diterpene, large amounts of cyclic alcohols, flavonoids, and saponins. Among these, saponins have effective antibacterial properties [15] . Boswellia serrata is an aromatic resin plant that is obtained from several species of the genus Boswellia [16] , a family of Burseraceae [17] . B. serrata generally contains 25-35% gum that is insoluble in alcohol and 60-70% of resin, and the rest includes some kinds of essential oils [18] . Boswellic acid is a series of pentacyclic triterpene and the main material in the resin of Boswellia [19] . Rosmarinus officinalis belongs to Lamiaceae family with green, sharp and fragrant leaves. Rosemary essential oil has antimicrobial and antioxidant properties that has been proven in several studies [20] . Thymus vulgaris is a member of Lamiaceae family that grows like a shrub with thin, reciprocal leaves and white flowers [21] . Thyme essential oil has antibacterial, antioxidant and antifungal properties [22] . In this study, we aim to investigate the secondary metabolite chemical space of plants by using the cheminformatic methods and trace compounds existing in medicinal plants that have synergistic effects on antimycobacterial drugs and also to examine the extract of such plants for the mentioned activity.
MATERIALS AND METHODS

Bioinformatics studies
By performing a comprehensive literature search on natural compounds with synergistic properties on bTB drugs, oleanolic acid was found as an antimycobacterial plant compound with the synergistic effect, when combining with antimycobacterial drugs [23] . In National Center of Biotechnology Information (NCBI) database (https://pubchem.ncbi. nlm.nih.gov/), we searched compounds with more than 80% similarity to oleanolic acid. Then the plants containing similar compounds with oleanolic acid were searched. Finally, we found five plants as candidates for experimental examinations.
Preparation of powder and extraction of plants
Lavender, thyme, and rosemary plant extracts were prepared from Ebn-e-Masouyeh Pharmaceutical Company in Tehran, Iran. Boswellia and Datura plants, prepared from a herbal market in Tehran, were powdered with an electric mill. Percolation method was used to extract the plants. At first, 100 g of the powdered herb was transferred to the separatory funnel, and then 300 ml of 80% ethanol was added. The mixture was remained at room temperature (25 °C) for 24 hours, and gradual percolation was performed. This process was repeated three times at room temperature (25 °C) in different days. The extracts were concentrated by using RV05 rotary evaporator from IKA Co. (Germany) at ambient temperature [24] .
Minimum inhibitory concentration (MIC) determination of plant extracts and drugs
MIC test was conducted for the plant extracts and for antimycobacterial drugs by using microdilution assay [25] . Culture medium was the Middlebrook 7H9 broth from HiMedia, India. It was prepared according to the instructions on the container. In detail, 450 ml of distilled water was added to 3.5 g of the powder, and 2 mL of glycerol was added [26] . Culture medium was sterilized by autoclave and then was refrigerated immediately after preparation. The culture medium requires addition of a supplement called Middlebrook OADC (oleaic acid, albumin, dextrose, and catalase), which was prepared separately, and at the time of testing was added to the culture medium. OADC was prepared using 0.85 g of sodium chloride, 0.06 ml of oleic acid, 2 g of dextrose, 5 g albumin, 3 mg catalase, and 100 ml of distilled water.
The test compounds were prepared at the appropriate concentrations. Then, 1 mg of the drug was dissolved in 1000 µl of solvent (usually dimethyl sulfoxide), or 10 mg of extract was dissolved in 1000 µl of the solvent. At the beginning of the MIC test, 100 µl of culture medium was added to each well of a 96-well plate. An amount of 80 µl of culture medium was added to the first row of the plate, and then 20 µl of each compound (extracts, ethambutol as a positive control, dimethyl sulfoxide as a negative control) were added to the first cell in each column. After performing the serial dilution, 100 µl of BCG suspension (from BCG vaccine) equivalent to half McFarland were added to each cell, except the negative control column. The extract concentration tested was in the range of 500 to 1.95 µg/ml. The plates were incubated at 37 °C for four days [27] . After this time, Alamar blue solution was added to the culture medium. The plate was incubated at 37 °C, and MIC test results were read after 48 and 72 hours [28] . To read the MIC test result, the last cell that showed no color change was considered as MIC [29] .
Investigation of the synergistic effect using MIC test
To perform the test, half of the MIC of drugs was added to the culture medium. The rest of the test was done based on the previously explained steps. The fractional inhibitory concentration (FIC) was obtained using the following formulation and interpreted as synergy for FIC ≤ 0.5, no interaction for FIC = 1, and antagonism for FIC ≥ 2 [23] .
FIC = MIC in combination /MIC alone
RESULTS AND DISCUSSION
By using cheminformatics knowledge, similar antimycobacterial compounds to the template active compound were found. The results of the search for similar compounds of oleanolic acid are listed in Table  1 . The results of plants containing similar compounds of oleanolic acid are illustrated in Table 2 . The MIC The MIC test result of combining plant extracts with isoniazid showed the MIC value of 125, 250, 500 µg/ml for B. serrata, L. stoechas, and T. vulgaris when used alone and of 31.3, 62.5, 125 µg/ml in combination, respectively. They all had a similar FIC equal to 0.25 µg/ml and showed a synergistic activity. However, the FICs of D. stramonium and R. officinalis were equal to 0.66 µg/ml, which displays no interacting activity. Therefore, regarding the antimycobacterial and synergistic action of the mentioned plants, we can draw the conclusion that they could be used for supplementation along with regular [30] . These results are consistent with ours that indicated the synergistic effect of the Boswellia and Lavandula in combination with isoniazid. A previous study has also exhibited that 8-methoxypsoralen, a natural compound in many plant species, has antimycobacterial activity. This compound if combined with isoniazid, rifampin, and ethambutol drugs shows a synergistic effect against Mycobacterium [31] . In our study, the plant extracts of Datura, Boswellia, and Lavandula genera showed synergistic effects in combination with ethambutol and isoniazid. Another study by Bapelaa et al [32] has suggested that 7-methyljuglone and naphthoquinone isolated from Euclea natalensis roots show a synergistic effect when combining with isoniazid and rifampicin. They reported FIC indexes of 0.2 and 0.5 µg/ml, respectively. We, however, obtained FIC indexes of 0.5, 0.125, and 0.125, respectively for Boswellia, Lavandula, and Datura in combination with ethambutol and 0.25 µg/ml for both Boswellia and Lavandula in combination with isoniazid. The novel antimycobacterial results and the advanced synergistic activity observed for the mentioned plants shows the efficacy of our applied new cheminformatics-based strategy in designing a targeted screening and enhancing the chance of drug discovery programs in finding hit and lead compounds.
